Objective: To examine the relative risk of depression among patients with amyotrophic lateral sclerosis (ALS), both in terms of depression diagnosis and use of antidepressant drugs, before and after diagnosis.
Approximately 30% of patients with amyotrophic lateral sclerosis (ALS) show mild cognitive impairment and 15% present with overt frontotemporal dementia (FTD). 1, 2 The overlap between ALS and FTD presents a continuum of symptoms such as memory impairment, apathy, and behavioral changes, 3, 4 many of which mimic the typical symptoms of depression. 5 The strong emotions evoked by receiving a serious diagnosis such as ALS may also lead to increased risk of mental illnesses, including depression. Multiple studies have shown that patients with ALS are more likely to develop depression than ALS-free individuals, although the reported prevalence of depression varies greatly. [6] [7] [8] [9] [10] [11] [12] [13] Different measurements of depression together with the varying representativeness of the patient samples used in previous studies may partly explain the different prevalences reported so far.
The aim of the present study was to investigate the occurrence of depression diagnosis and use of antidepressants before and after ALS diagnosis in a nationwide sample of patients with ALS, using a matched random sample of the Swedish population as the reference.
METHODS Study design. Ascertainment of ALS diagnosis. The Swedish Patient Register was established by the Swedish 1987, this register has had nationwide coverage for all inpatient care and since 2001 onward also .80% of hospital-based outpatient specialist care. Information available in the Patient Register includes the personal identity number, age, sex, dates of hospital admission and discharge or date of outpatient visit, as well as the main and secondary discharge diagnoses.
We defined an ALS case as an individual with at least one inpatient or outpatient hospital visit at which ALS was recorded as a diagnosis in the Patient Register; the first hospital visit for ALS was used as the date of ALS diagnosis. The Swedish revisions of the ICD codes 356,10 (ICD-7 before 1969), 348,00 (ICD-8 1969-1986), 335C (ICD-9 1987-1996), and G12.2 (ICD-10, 1997 onward) were used to identify ALS diagnoses.
Ascertainment of depression diagnosis and antidepressant use. We retrieved the clinical diagnosis of depression from the Swedish Patient Register. Given the fact that information on outpatient hospital visits was only available since 2001 in this register, we ascertained depression diagnosis from January 1, 2001, onward, using the ICD-10 codes F32 (episode of depression), F33 (relapsing depression), and F341 (dysthymia).
We retrieved antidepressant prescription information from the Swedish Prescribed Drug Register, which provides prescription dates, dispensation dates, and total number of dispensations for all pharmaceuticals dispensed in Sweden since July 2005. Drugs are coded according to the Anatomical Therapeutic Chemical (ATC) system. Accordingly, we ascertained antidepressant use from July 1, 2005, onward. Antidepressants examined in the present study included nonselective monoamine reuptake inhibitors (ATC code N06AA; clomipramine, trimipramine, amitriptyline, nortriptyline, maprotiline), selective serotonin reuptake inhibitors (ATC code N06AB; fluoxetine, citalopram, paroxetine, sertraline, fluvoxamine, escitalopram), monoamine oxidase A inhibitors (ATC code N06AG; moclobemide), and other antidepressants (ATC code N06AX; mianserin, mirtazapine, bupropion, venlafaxine, reboxetine, duloxetine, agomelatine).
In the main analysis, we defined users of antidepressant drugs as individuals with $2 dispenses of antidepressants, aiming to identify individuals with relatively long-term use of antidepressants. As a result, we defined the first prescription date as the date of antidepressant use.
Depression diagnosis and use of antidepressants were first analyzed separately. "Any depression" was additionally analyzed, defined as either with a depression diagnosis or use of antidepressants.
In a sensitivity analysis, we defined users of antidepressant drugs as individuals with $1 dispense of antidepressants.
Study base. Using the individually unique personal identity numbers, we followed all Swedish residents born in Sweden and enlisted in the 1990 Swedish Census or in a previous Census and alive on January 1, 1991 (n 5 9,154,777) individually through cross-linkages to the Swedish Patient, Cause of Death, and Migration Registers. We excluded from the analysis individuals who were diagnosed with ALS, died, or emigrated out of Sweden before July 1, 2005, as well as those with missing information on area of residence in the Census, leaving a study population of 6,337,988 individuals. Each individual contributed person-time to the study base from July 1, 2005, until a new ALS diagnosis, death, emigration out of Sweden, or December 31, 2010, whichever came first.
Nested case-control study: Depression and the subsequent risk of ALS. To study the risk of ALS associated with depression and antidepressant use, we conducted a nested case-control study within the study base. Cases were all individuals diagnosed with ALS between July 2005 and December 2010. We randomly selected 5 controls per case from the study base using incidence density sampling and individually matched the controls to the case on year of birth, sex, and region of residence. We defined index date as the date of diagnosis for cases and the date of selection for controls. In total, 1,752 cases and 8,760 controls were enrolled in the nested case-control study. Information on depression diagnosis and antidepressant use before the index date was ascertained for both the cases and controls. To ensure the ascertainment of antidepressant use for at least 1 year before the index date, we included only individuals with the index date between July 1, 2006, and December 31, 2010, in the analyses of antidepressant use and any depression.
Matched cohort study: ALS and the subsequent risk of depression. We further performed a matched cohort study to compare the risk of depression diagnosis or antidepressant use between patients with ALS and individuals without ALS. We followed both the cases and controls enrolled in the nested case-control study from the index date to the first diagnosis of depression, first prescription of antidepressants, death, or December 31, 2010, whichever came first. We excluded individuals with a diagnosis of depression (n 5 307) or antidepressant use (n 5 1,403) before the index date in the analysis for depression and antidepressant use, respectively. Follow-up of the controls was also censored if they developed ALS during follow-up (n 5 1).
Covariates. We obtained information on the highest achieved education at the index date from the Swedish Education Register, categorized as ,9 years, 9-12 years, or university or doctoral studies. We defined socioeconomic status of the study participants according to the occupation reported in the 1990 Census, categorized as blue collar, white collar, self-employed or farmer, or unclassified.
Statistical analyses. In the nested case-control study, we used the conditional logistic regression model to estimate the odds ratios (ORs) with 95% confidence intervals (CIs) for the association of depression and the subsequent risk of ALS. To test whether the association differed by time before ALS diagnosis, we performed separate analyses for different time windows (.3 years, third year, second year, and first year) before the index date.
In the matched cohort study, we used the conditional Cox regression model to estimate the hazard ratios with 95% CIs for the association of ALS with the subsequent risk of depression. Similarly, we separately analyzed the first year and second year after diagnosis to assess whether the association varied over time since ALS diagnosis.
Given the matched study design, all analyses were inherently adjusted for the matching variables. In the full models, education and socioeconomic status were further adjusted. Individuals with missing information on education were excluded from the adjusted analysis.
Analyses were conducted using SAS, version 9.4 (SAS Institute, Cary, NC).
Standard protocol approvals, registrations, and patient consents. The study was approved by the regional ethics review board at the Karolinska Institutet, Stockholm, Sweden. Depression and the subsequent risk of ALS. Depression, defined either as a clinical diagnosis or by antidepressant use, was associated with a higher risk of ALS. Similar associations were noted for men and women but the association was stronger for older individuals (aged 65 years and older) compared to younger individuals; educational level and socioeconomic status did not appear to modify the associations greatly (table 3) . Within 1 year after depression diagnosis, there was a 3.6-fold risk of ALS. Higher risk of ALS was also noted for the second and third years after depression diagnosis (table 3) . The same pattern was seen for antidepressant use and "any depression" (table 3) . Further adjustments for education and socioeconomic status provided very similar results (table 3) .
RESULTS
ALS and the subsequent risk of depression. After the index date, patients with ALS had a higher risk of depression diagnosis as well as antidepressant use than controls (table 4). The risk increase appeared to be greater among individuals at age 65 and older, whereas sex, educational level, and socioeconomic status did not seem to modify the associations greatly ( DISCUSSION In this large population-based study, we found that patients with ALS were at higher risk of depression diagnosis and use of antidepressant drugs both immediately before and after ALS diagnosis.
There are several potential explanations for the association of previous depression with an increased risk of ALS. For example, depression may be a prodromal symptom of ALS. Although motor symptoms are traditionally perceived as the first and main symptoms of ALS, 14 the involvement of nonmotor symptoms both before and after the debut of motor symptoms is likely. Depression may also be an early manifestation of frontal lobe degeneration and may stand for an upper motor neuron sign heralding a more widespread cortical affection. Furthermore, depressive symptoms may also overlap with the symptomatology of cognitive impairment, leading to a potential misclassification of these 2 diagnoses among patients with ALS who have concurrent cognitive impairment or FTD. Besides FTD, the comorbidity of ALS with other neurodegenerative disorders, such as Parkinson disease, may also contribute to the association between previous depression and increased risk of ALS. 15 Finally, little research has been done regarding the potential psychological stress experienced by patients with ALS between the first symptom onset and the final diagnosis, an interval of 1 year on average. 16 Depression may therefore also be a result of the psychological distress experienced during the progressive symptom development and the often stressful diagnostic workup before ALS diagnosis. 17 The highly increased risk of depression during the first year after ALS diagnosis may reflect a severe psychological reaction toward the serious diagnosis. Both increased risk of depression and increased risk of antidepressant use have been reported in patients receiving diagnoses of other life-threatening diseases including breast cancer, although the risk increases were smaller in breast cancer (relative risk 1.7 for depression and 3.1 for antidepressant use). 18 Previous studies rarely examined the temporal pattern of depression prevalence and were mostly based on small numbers of patients (range 27-131). [6] [7] [8] [9] [10] [11] [12] [13] [19] [20] [21] A recent meta-analysis identified a total of 3,190 patients with ALS from 103 studies on ALS and depression, 22 whereas in the present study, we were able to enroll 1,752 patients in a single study.
Similarly, previous studies also reported largely varying prevalence of antidepressant use (up to 38%) among patients with ALS. 23, 24 Patients with ALS may be prescribed with antidepressants for reasons other than depression, such as excessive salivation where the anticholinergic side effect of antidepressants is desirable and emotional outbursts where the patients suddenly and without control cry or laugh. These possibilities likely explain the more pronounced risk increase for antidepressant use after ALS diagnosis, compared to depression diagnosis, as observed in the present study. Use of antidepressants before ALS diagnosis has been less investigated, although an increased use of antidepressants was noted in 2 smaller studies. 23, 25 The main strength of the present study is the national study sample, complete follow-up, and prospectively and independently collected information on depression diagnosis, antidepressant use, and ALS, eliminating major sources of information and selection biases. However, the definition of depression diagnosis was based on hospital records through inpatient or outpatient specialist visits, leading to a lower prevalence of depression diagnosis compared to antidepressant use, among both patients with ALS and controls. A related potential limitation is the use of ICD-10 codes in ascertaining depression. Although the diagnosis of depression has been reported of good quality in the Swedish Patient Register, 26 whether or not the underlying diagnosis criteria utilized herein are comparable to studies from other settings is unknown. Furthermore, there was limited information on the clinical characteristics of the patients with ALS and as a result we were unable to examine whether the studied associations varied by clinical characteristics.
Common denominators for ALS and depression, including genetic predisposition, personality traits, environmental exposures, as well as socioeconomic vulnerability, were not measured and analyzed. It might be of special interest to study whether development of depression before ALS diagnosis concurs with FTD or upper motor neuron onset. Since C9orf72 has been known to be associated with both ALS and FTD, 3 it would be beneficial to examine the C9orf72 repeats among patients with ALS who have prediagnostic depression. Proposed ALS risk factors such as lead (Pb), smoking, viral encephalopathy, and head trauma may also contribute to depression. 27, 28 For example, chronic low-dose Pb intoxication may present symptoms indistinguishable from depression, and elevated Pb exposure may be linked to symptoms of depression. 29, 30 Patients with ALS were at higher risk of depression than individuals without ALS during the year before and the year after ALS diagnosis. To what extent depression should be considered a prodromal symptom of ALS remains to be elucidated. Whether or not these findings are specific to ALS, relative to other neurodegenerative diseases or fatal conditions, warrants further investigation. 
